This paper deals with a new pedestrian underpass made from structural deep corrugated plates over a newly constructed airport access road for Mumbai International Airport, India. The underpass was constructed to cater for the demands of local establishments for crossing the highway. The steel bridge is founded on raft footing made of reinforced concrete. Its effective span is 4.10 m and clear height is 2.29 m. The entire underpass was constructed in just 20 days. The structural design and construction of the underpass is described in detail in this paper.
INTRODUCTION
Mumbai International Airport Limited has recently built an access road to connect the international terminal to a highway for traffic decongestion. Just before opening the road to traffic the investor decided to construct an underpass crossing the highway to facilitate pedestrian traffic crossing the road, in response to the needs of local people. It was decided to construct an underground structure using deep corrugated steel plates due to its many advantages such as lightweight, environmental friendliness, cost-effectiveness, rapid construction, etc. [1] , as an alternative to the RC culvert and not delaying the grand opening of the access road. The lower initial cost and long term maintenance cost works in favor of corrugated metal structures [2] . This paper deals with the design and construction of deep corrugated steel structure which was constructed at Mumbai International Airport Limited (MIAL). The structure was fabricated to shape with multiple pieces of corrugated steel plates jointed together by high strength bolts. The entire structure along with fixtures was heavily galvanized for corrosion protection. Currently we do not have formal technical specifications for the design of buried structures; therefore, international standards have been adopted for the design and installation of the structure. It is shown that these structures can be conservatively designed using a frame analysis or using finite element analysis, modeling the beneficial effects of soil structure interaction. Comparisons are made between simple and rigorous analysis of the structure and then analyzed.
UNDERPASS DESCRIPTION
The structure under consideration is a deep corrugated box type structure, with a span of 4.1m and a rise of 1.8m. The length of the underpass is 36 m, and the top road is first-class highway designed with ten traffic lanes. The depth of soil cover varies from 700mm to 1m over the structure. A cross section of the box structure is presented in Fig. 1 . The material of the corrugated steel plate is structural steel SS40 of 7mm thickness with yield strength and tensile strength of 275 MPa and 380 MPa, respectively. The profile of the corrugated steel plate for the wall is 400 x 150 mm as shown in Fig.2 . Crusher dust [3] is used as granular backfill and rigid pavement is made on top of the backfill. Backfilling is carried out symmetrically during the construction period.
DESIGN METHODOLOGY

Structural Design
The structural performance of buried corrugated steel structure depends on properties of both the structure and the surrounding soil as well as on the resulting interaction between the two. Detailed design specification for designing buried corrugated structures is given in American Association of State Highway and Transportation Officials (AASHTO) Bridge Design Specifications [4] and Canadian Highway Bridge Design Code (CHBDC) [5] .
Buried Flexible Structures, owing to the interaction of structural steel plate with the surrounding soil, are able to carry a very large loading taking the advantage of arching [3] . That phenomenon is observed as a reduction of soil pressure on the top surface of the shell. Arching is a phenomenon of redistribution of shell loading as a result of occurrence of tangent stresses, which counteracts the displacement in soil mass.
The most suitable material for the backfill is well compacted granular material which can be assumed to have no time-dependent properties.
The profile used in the design is steel box section which is relatively flat at the top as compared to steel arch and requires large flexural capacity due to extreme geometry and shallow cover depths. The effect of thrusts is negligible as compared to that of flexure in case of box type culverts [6] .
Model analysis
At the ultimate limit state, the factored crown and haunch moments shall not exceed the factored Plastic Moment capacity of the section. The Factored crown and haunch (shoulder) moments, M cf and M hf , induced by dead and live load is computed by the following equations:
Where, α D and α L are load factors for ultimate limit state (ULS) combination from CHBDC, M cD and M hD are the bending moments (kN-m/m) as a result of dead load (backfill weight and surcharge) and M cL and M hL are the bending moments (kN-m/m) as a result of live loading over the structure, and DLA is Dynamic Load Allowance [4, 5] .
The 
Finite element analysis
A finite element analysis is also performed to compare the results with the numerical analysis. Using PENTAGON 3D FEM, 2-D and 3-D analyses are done to examine soil-steel structure behaviour under loading. Due to shallow cover of fill, the behaviour of buried structure becomes complex and depends entirely on soil-structure interaction [7] .
The Corrugated steel plate is modelled as flat plate using the equivalent stiffness principle [8] . The moment of inertia and cross section of steel plate per unit length are 27021 mm4/mm and 9.640mm2/mm; its elastic modulus and unit weight are 2.1 x 10^5 MPa and 78.5 kN/m3. Shell4 element is utilized for corrugated steel plate unit and Hexa8 element is adopted for backfill and pavement layer. The backfill is modelled based on [9] which depends on the degree of backfill compaction. A combination of live load is taken using vehicle class A and Vehicle Class 70R. The finite element model is shown in Fig. 3 .
Fig. 3. Finite Element Analysis Model
The combined effects of bending moments and axial thrust arising from specified dead load and live load shall satisfy the following condition: 
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Deflection of the structure
The deflection at various construction stages is measured and plotted to check structure stability. It is observed that the crown moves vertically up during the initial placement of the backfill at sides and then progressively moves down when the backfill reaches the crown top. This is understandable as the structure will deflect upwards (peaking) at the initial stage. When the backfill is placed on top of the structure, the movement is downwards due to the weight of the backfill. The end result is the structure coming into the designed shape. The total deflection comes to be within 2% of the structure's span.
CONCLUSIONS
Deep corrugated steel plate structures prove to perform extremely well under normal traffic loads. Quick, easy and cheap construction together with very good bearing capacity of the structures can be an excellent alternative to traditional construction practices. These structures can be used as a bridge replacement where less construction time is required, allowing earlier project completion. Minimum maintenance and a longer life span with corrosion resistance make it optimum for usage as road and railway bridges and tunnels. Deflection at Center
